Corn silk is considered as waste in the production of sweet corn and discarded by most industrialized food manufacturers. The objectives of this study were to enhance its utilization and evaluated its physico-chemical and sensory characteristics over the meatballs. Moreover, this study helped to add its value on top of meatball production process as well. The use of corn silk in low fat meatballs at many levels of 0%, 1%, 2%, 3% and 4% were tested while conducting this experiment. It was found that moisture contents of meatballs decreased when the amount of corn silk increased. Meatballs made of addition of 4% corn silk had the highest crude fiber and ash contents. Adding corn silk resulted lower L* (lightness) and cooking yield. However, the result of this adding caused higher a* (redness), b* (yellowness), juiciness and shrinkage. Texture analysis indicated the cohesiveness, gumminess and chewiness of meatball increased when the amount of corn silk increased. Sensory evaluation revealed that increasing corn silk to the meatballs, sensory scores were decreased in all of sensory attributes (appearance, color, flavor, taste, texture and overall acceptability).
Introduction
Corn is the world third most cereal crop, less than wheat and rice (Ramessar, Sabalza, Capell & Christou, 2008) . It has been used to produce flour, starch, oil and syrup. Corn silk, the female flower stigma of maize (Zea mays L.) is a yellow silky strand which is on top of corn fruit. Corn silk is a by-product obtained from corn production such as food, processed food and animal feed. Silk of corn is discarded as waste together with other parts of corn such as cob and husk because of they lack of utilization. Corn silk consists of protein, carbohydrate, mineral (Ca, Mg, Cu, Zn, Fe and Mn) vitamin and especially high dietary fiber (Nurhanan & Rosli, 2014; Ebrahimzadeh, Pourmorad, & Hafezi, 2008) . Moreover, it is a good source of polyphenol compounds as an antioxidant (Nurhana, Rosli & Mohsin, 2012) . Chinese people, native Americans, and a lot of consumers in almost every part of the world use corn silk as their traditional medicine (Sarepoua, Tangwongchai, Suriharn, & Kamol, 2015) . It has been used to treat many sicknesses such as a diuretic agent to help passing stone and gravel in kidney and urinary bladder (Maksimovic & Kovacevic, 2003) cystitis, edema, gout, rheumatoid, arthritis and antimicrobial agent (Fatima, Agrawal, & Singh, 2012; Velazquez, Xavier, Batista, & de Castro-Chaves, 2005) . In addition, it has also been used to reduce hyperglycemia, anti-depressant, and anti-fatigue (Sarepoua, Tangwongchai, Suriharn, & Kamol, 2015) . Corn silk has been added in to beef patties to make meat products. The additions are at several levels; 2%, 4%, 6% for improving nutrients such as protein and minerals and also reducing its fat content. Furthermore, the beef patties at 6% of corn silk addition had the highest cooking yield, moisture and fat retention. After all, the corn silk did not change sensory attributes of the patties (Rosli, Nurhanan, Solihah, & Mohsin, 2011) .
Meatballs are usually served with soup and sauce along with rice and noodle in various dishes, mostly Asian countries. Meatballs can be made of ground beef, pork or chicken and other ingredients such as water (or ice), additives for instance; phosphate, salt and spices, together with tapioca or corn starch. All ingredients metioned before are mixed and emulsified together to form the fine emulsion and different shapes and sizes. Next, they are dropped into hot water at 80-90 °C (Feiner, 2006) . Many research studies show that rice bran fiber (hemicellulose) has effect on chemical and functional properties of low fat meatballs. Additions of rice bran fiber to the meatballs at level of 2%, 4% and 6% improved their nutritional value regarding dietary fiber. Sensory evaluation for color, taste, odour, texture and overall acceptability of meatball samples were not significantly different from the control (no added fiber). Addition of rice bran fiber at 6% had the highest firmness of meatballs (Hu & Yu, 2014) . Petersson, Godard, Eliasson, & Tornberg (2014) studied the effect of rye bran, oat bran and barley fiber in low-fat sausages and meatballs. They were found that oat bran was the best additive in low-fat sausage because its gelling ability overheating. On the other hand, rye bran was the best for meatballs, due to its particulate characteristic, more acceptable in this kind of meat product. The firmness of meatballs containing rye bran and the control, after cooking had no significant difference. However, meatballs that consisted of oat or barley fiber had lees firm. The aim of this research was to investigate the effect of addition corn silk towards proximate composition of low-fat meatballs on cooking, color, texture and sensory characteristics.
Materials and Methods

Preparation of corn silk powder
Sweet corns were obtained from a local market in Bangkok, Thailand. The husks and silks were eliminated from its fruit. Corn silks were washed and dried in hot air oven at 55°C for 8 h. Dried samples were ground into powder by electrical blender (Moulinex, DPA141, USA)and sieved through a 100-mesh screen (Prapasuwannakul, 2014) . The dried corn silk powder was kept in seal plastic bag at below 4°C until analysis.
Low fat meatballs preparation
Pork as boneless leg meat was purchased from a local market in Bangkok, Thailand. All fat and connective tissue (epimysium) were removed from the muscles. Lean meat was ground through a 2 mm plate grinder. The ground meat was packed in plastic bags and stored at -20°C for use within 24 h. The low fat meatballs were produced according to the scheme in Fig. 1 . The low fat meatballs were made from different amounts (0%, 1%, 2%, 3% and 4%) of corn silk. The product formulation for the experiments is presented in table 1.
Pork leg meat
Ground with a grinder (2 mm diameter) at cold room 
Chemical analysis
Moisture, fat, ash crude fiber, protein and carbohydrate content of corn silk and meatballs were determined according to the method described by AOAC (2005) . Water activity (aw) of corn silk was determined using a thermoconstanter (Novasina TH 200, Switzerland) at 25°C.
Cooking procedure and cooking measurements
Meatballs were cooked in the hot water at 80°C for 5 minutes. Cooking yield was measured by calculating weight differences of meatballs before and after cooking (Murphy, Criner, & Grey, 1975) .
Cooked weight
x 100 Uncooked weight Juiciness measurement was modified according to Gujral, Kaur, Singh, & Sodhi (2002) . Meatball sample was placed between pre-weighed Whatman (No.40) filter paper and pressed for 3 minutes by 1 kN. The residue was removed and the filter paper was weighed. The extracted juice was determined as follow equation;
Cooking yield (%) = (Weight of paper after pressing -Weight of filter paper before pressing) x 100
Weight of sample Meatballs were cooked in an electric oven at 180°C for 5 minutes. Meatball dimensional shrinkage was modified according to the equation by El-Magoli, Laroia, & Hansen (1996) .
Uncooked thickness -Cooked thickness) + (Uncooked diameter -Cooked diameter) x 100
Uncooked thickness + Uncooked diameter
Color
Color was measured on the surface of meatballs using a spectrophotometer (Hunter Lab, Color Quest XE, USA) equipped with a light source illuminant D65 and 10° for observing. CIELAB system; L* (lightness-darkness), a* (redness-greenness) and b* (yellowness-blueness) values were measured.
Texture profile analysis
Meatballs were heated at 80°C for 5 minutes and cooled at the room temperature. Then, they were cut off two sides to get 2 of 10 mm depth strips. The texture profile analyses (TPA) of meatballs were determined by using a texture analyzer (Lloyd Instrument, TA plus, UK) equipped with a 1 kN load cell and ball probe (1.2 cm diameter). Samples were comprised to 75% of original height at test speed of 2 mm/min. The parameters were obtained hardness (N), cohesiveness, springiness (mm), gumminess (N), chewiness (N.mm), adhesiveness (N.mm).
Sensory evaluation
The sensory evaluation of meatballs was conducted by a 30 member consumer panels, they are faculty members, students and staff members of Suan Sunandha Rajabhat University. Six sensory attributes were evaluated (appearance, color, flavor, taste, texture and overall acceptability) using a 9-point Hedonic scale (1=extremely poor and 9=excellent).
Statistical analysis
All experiments and analytical measurements were done in triplicate. All data were processed by using the analysis of variance (ANOVA). The level of statistical significance is p≤0.05.
Results and Discussion
Physico-chemical characteristics of corn silk
The chemical compositions of corn silk powder are presented in Table 2 . The main composition in corn silk powder is carbohydrate, the highest amount at 51.37 g/100g. Then, the amount of protein, crude fiber, moisture, ash, and fat are decreased respectively. Nurhanan & Rosli (2014) reported dried mature corn silk had 3.90% moisture, 0.66% lipid, 8.95% protein, 5.51% ash, 29.74% carbohydrate and 51.24% dietary fiber. Corn silk powder had low water activity (0.5136). The parameters of color, lightness (L*), redness (a*) and yellowness (b*) measured in the corn silk powder were shown in Table 2 . The result shows that corn silk powder has color of dark-yellow.
Juiciness (%) =
Shrinkage (%) = Table 3 shows the chemical composition of corn silk added (1-4%) and control meatball samples. Fat, protein and carbohydrate contents in low fat meatballs do not have significant difference in term of statistics (p>0.05). However, when corn silk powder was added in to the meatballs. It decreases the moisture content of meatballs due to it lowers the value of water holding capacity of protein in the meat balls. On the other hand, addition of corn silk powder, it also increases the amount of ash and crude fiber. This is good for meatballs because their nutrient contents are improved. 
Chemical composition of corn silk low fat meatballs
Cooking properties and color parameters of low fat corn silk meatballs
Cooking properties (cooking yield, juiciness and shrinkage) of corn silk meatballs are shown in Table 4 . Cooking yield of meatballs was decreased with corn silk powder addition. Cooking yield is the most important for meat manufacturing process to predict the characteristic of products during cooking because of non-meat ingredients or other parameters (Pietrasik & Li-Chan, 2002) . Cooking yield varied between 82.84 -90.48%. Meatballs produced with the addition of 1 and 2% corn silk powder had not significantly difference from control. Addition of corn silk powder in meatballs showed the results of increased juiciness. This result is relevant with the decrease amount of moisture and fat when corn silk powder was added in to. It revealed that the addition of corn silk powder would cause water and oil holding capacity of meatballs decreased. Moreover, when meatballs were cooked at high temperature (180°C), meatballs shrinkage value was increased when corn silk powder was added. Meatballs formulated with 2, 3 and 4% corn silk powder had the higher shrinkage than control meatballs. The meatballs tend to shrink during the cooking process, due to the denaturation of meat proteins with loss of water and fat also contributed to the shrinking process (Serdaroglu & Degirmencioglu, 2004) .
The values of color, lightness (L*), redness (a*) and yellowness (b*) measured in the low fat corn silk meatballs were shown in Table 4 . The results indicated that L*, a* and b* values were significantly (p≤0.05) affected by the addition of corn silk powder. Meatballs lightness (L*) decreased with corn silk powder addition. Meatballs at 4% of corn silk powder added had the lowest value of lightness which means that the addition of corn silk powder resulted a darker-colored product. Values of a* (redness) were also different (p≤0.05) for different levels of corn silk powder and the increase of corn silk powder addition. Yellowness values (b*) of meatballs were higher (p≤0.05) in corn silk powder than the control. Corn silk powder addition affected to increased yellowness in meatballs when compared with the control. This might be the result of carotenoid pigments of corn silk. 
Texture profile analysis
The effect of various amounts of corn silk powder on textural properties of meatballs is shown in Table 5 . Cohesiveness, gumminess and chewiness increased as the amount of corn silk powder increased. Meatballs with 4% of corn silk powder had the highest cohesiveness, gumminess and chewiness that corn silk powder showed significant effect on low fat meatballs. However, hardness, springiness and adhesiveness showed no significant increased. Table 6 shows sensory scores for appearance, color, flavor, taste, texture and overall acceptability of low fat corn silk meatballs. Sensory scores at all sensory attributes decreased as the amount of corn silk powder increased. Meatballs with 4% had the lowest texture scores. However, meatballs with 1 and 2% of corn silk powder were not significantly different (p>0.05) compare to control sample for all attributes. 
Sensory evaluation
Conclusion
In conclusion, the increasing of corn silk powder in meatballs resulted the higher ash and fiber that improve nutritional values and health benefits of this product. Cooking properties, the addition of corn silk powder increases juiciness and shrinkage but decreases cooking yield because of moisture and fat lost during cooking processes. Color of meatballs has less lightness value (L*). However, a* (redness) and b*(yellowness) has more. Texture properties of meatballs, added with corn silk powder hardness, springiness and adhesiveness do not have difference form the control but their cohesiveness, gumminess and chewiness are increased. Meatballs that were added corn silk powder at 1% and 2%. The sensory score does not have difference from the control in all attributes.
